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inc luded  a s  an appendix. 

The l i s t  of p r i n c i p a l  c o n t r i b u t o r s  i s  
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ABSTRACT 

"his r e p o r t  i s  designed t o  s e r v e  a s  an i n t r o d u c t i o n  

t o  a se t  of  programs f o r  doing t h e  c a l c u l a t i o n s  necessary 

t o  s o l v e  c r y s t a l  s t r u c t u r e s  by d i f f r a c t i o n  techniques .  

I t  b r i e f l y  d e s c r i b e s  t h e  s t r u c t u r e  of t h e  "system", l i s ts  

t h e  c u r r e n t  ' ' l i nks"  i n  t h e  system, and shows an example 

of t h e  use  of some of t h e  programs of t h e  system. 

d e t a i l e d  u s e r s  manual i s  maintained a s  an expandable f i l e  

of card  images on magnetic tape  t o  be d i s t r i b u t e d  wi th  t h e  

c u r r e n t  ve r s ion  of t h e  system tape .  

t o  be run i n  conjunct ion with o r  e x c l u s i v e  of any monitor.  

This r e p o r t  i s  s p e c i f i c  f o r  the IBM 709/7090/7094. 

The 

The system i s  designed 
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Purpose of t h e  system 

X-Ray 63 i s  designed t o  b r i n g  toge the r  t h e  nucleus of a 

system t o  c a r r y  o u t  the cgmputations requi red  f o r  t h e  s o l u t i o n  

of c r y s t a l  strictures by X-Ray d i f f r a c t i o n  techniques.  The 

au thor s  a r e  b u i l d i n g  a Ljbrary of c r y s t a l l o g r a p h i c  programs, 

ga thered  f r o m  many sources, a l l  s t o r e d  i n  a s i n g l e  magnetic 

t a p e  f i l e .  These programs a r e  nerged i n  such a manner t h a t  

they  a r e  executablc- without modi f ica t ion  a t  any 709,  7090, 

7094 i n s t a l l a t i o n .  i’n additLon they may be used i n  conjunc- 

t i o n  wi th  nea r ly  a l l  monitors by t h e  p repa ra t ion  of a s i m p l e  

c a l l i n g  program. A concerted effort hds been made t o  make 

the system use r  o r i e n t e d .  Thus t h e r e  a r e  provided many a i d s ,  

checks I and conveniences f o r  the  c r y s t a l l o g r a p h e r .  Each pro- 

gram i n  t h e  system ( l i n k )  1s designed t o  maintain t h e  d a t a  

which i s  obtained by d i f f r a c t i o n  measurements a s  an  expandable 

f i l e  on magnetic t ape .  Thus f o r  each c r y s t a l l i n e  subs tance  

under s tudy ,  information i s  accrued dur ing  t h e  course  of  t h e  

c a l c u l a t i o n s  i n  such a way t h a t  t h e  r e s u l t s  of one serve a s  

the i n p u t  t o  o t h e r s .  This approach means t h a t  fewer and 

fewer d a t a  cards  a r e  required a s  t h e  c r y s t a l  s t r u c t u r e  

a n a l y s i s  proceeds.  
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Scope of t h e  system 

This r e p o r t  r ep resen t s  a pre l iminary  and gene ra l  

d e s c r i p t i o n  of X-Ray  6 3 .  The system i s  designed t o  be 

en larged  upon and i n  f a c t  conta ins  programs w i t h i n  i t s e l f  

t o  accomplish t h i s  ob jec t ive .  I n  o r d e r  t o  maintain c o r r e c t -  

nes s  and currency t h e  d e t a i l s  of a l l  t h e  c u r r e n t  l i n k s  i n  

t h e  system a r e  given i n  a t t u s e r s ”  manual which i s  maintained 

and supp l i ed ,  upon r e q u e s t ,  a s  a f i l e  of card images on 

magnetic tape .  (A program has  been prepared t o  make p o s s i b l e  

p r i n t i n g  t h e  u s e r s  manual through t h e  u s e  of an IBM 1401.) 

The p r e s e n t  ope ra t iona l  l i n k s  of t h e  system a r e  given 

below, 

SYSTEM LINK LABELS AND 

CALLING CARDS FOR PROGRAM SYSTEM 

a s  of Apr i l  1964 

This l i s t  i s  t h e  t a b l e  of l i b r a r y  programs i n  t h e  

X-Ray 6 3  c rys t a l log raphy  program system. The l a t e s t  i s  

furn ished  wi th  t h e  use r s  manual p r i n t e d  by t h e  1401. The 

l is t  w i l l  change a s  

system. 

LINK LABEL CALLING 
CARD 

100 LOADER 

a d d i t i o n a l  programs a r e  added t o  t h e  

PROGRAM 

BEGINNING PROGRAM (BSS LOADER AND TAPE 
GENERATOR) 

- 2 -  



1000 F C  PARAiiETER LOADER FOR STRUCTURE FACTOR 
CALC 

1001 (CALLED 
BY FC) 

S T R C C T R E  FACTOR AND S T A T I S T I C S  PROGRAM 
EFCTWor 

2100 

3600 

DFSYNA DIFFERENTIAL SYNTHESIS 

ORFLS BVSING-MARTIN-LEVY FULL-MATRIX LEAST- 
SQVARE 

4000 

5000 

FOURR 

FOUREF 

FOURIER SYNTHESIS  

FOURIER REFINEMENT ( S H I F T S  ATOMS TO 
FOURIER PEAK) 

5500 SHLPAT SHELL PATTERSON (MERCATOR PROJ .  O F  
SPHERES I N  PATTERSON SPACE)  

6000 BONDLA BOND LENGTHS AND ANGLES AND HYDROGEN 
COORDINATES 

6100 

6300 

6500 

8000 

ORFFE 

P R O J C T  

LSQPL 

D E L S I G  

BUSING-MARTIN-LEVY FUNCTION AND ERROR 

PROJECTION OF A MOLECULE ON A PLANE 

LEAST SQCARES PLANE AND L I N E  

DELTA F 17s FO PLOT FOR SIGMA FOR DATA 
REDUCT1 ON 

10000 DATRDN DATA REDUCTION ( 1 / L P ,  ABSORBTION, SCALING 
FORM FACTOR PNTERP. ,  SYMMETRY GENERATION, 
ETC 

10300 

10500 

DATCOR 

DATFIX 

DATA CORRELATION FOR FILMS 

CALCULATION O F  SCALED UNITARY STRUCTURE 
FACTORS ( E )  

10600 

10700 

10800 

MODI- 

WEIGHT 

ESORT 

SEARCH AND MODIFY REFLECTION TAPE 

PREPARE WEIGHTS FOR LEAST-SQUARES 

SORT FOR KARLE-HACTPTMAN PHASE DETERMINATION 
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11000 

11100 

12000 

12200 

12500 

15000 

20000 

30000 

30600 

30900 

31000 

31100 

31200 

313 

32700 

LZSTFC FINAL STFUCTL'RE FACTOR L I S T I N G  

CRYSET DOWAY- TAKEDA CRYSTAL TRANSFORMATIONS 

RPLANE CALC, R OVER A PRQJECTION FOR MOVED 
MOLECCLE 

RLIST CALC, R FOR S P E C I A L  CLASSES OF 
REFLECT1 ClN 

P A W  LEAST-SQUARES REFINEMENT O F  LATTICE 
PARAMETERS 

TFINFO CALCLYATES TEMPERATURE FACTOR S T A T I S T I C S  

GESET GENERAT. O F  REFLECT,  AND CRYSTAL SET FOR 
GE XRD-5 

PATCON PATTERSON CONVOLUTION PROGRAM 

P E K P I K  SEARCH FOURIER MAP FOR PEAKS 

STUJOB STUDENT PROBLEM GENERATOR 

BYEBYE CONVERT SYSTEM REFLECT. TAPE TO NON- 
SYSTEM FORMATS 

NFUA S P A R 3  ENTRY -A- FOR EXPERIMENTAL PUR- 
POSES OR A D D I T I O N A L  LINKS 

NRLB SPARE ENTRY -B- FOR EXPERIMENTAL PUR- 
POSES OR. ADDITIONAL L I N K S  

(CALLED EXECUTION ER.ROR DIAGNOSTICS 
BY 
EXEMW) 
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Out l ine  of t h e  approach t o  Crys t a l log raph ic  Computinq under 
the system 

1. Each program has a " c a l i i n g "  card which causes  X-Ray 6 3  t o  

load t h e  appropr i a t e  program ( l i n k )  i n t o  t h e  memory and 

begin execut ion.  

2 .  Each program has  a set  of  requi red  and o p t i o n a l  ca rds  t h e  

presence o r  absence of which supply t h e  d a t a  and keying 

f o r  any requested c a l c u l a t i o n .  

3 .  All t h e  programs communicate information about each 

s t r u c t u r e  problem by means of b ina ry  magnetic t apes  

( r e f l e c t i o n  t a p e s )  as  w e l l  a s  card  i n p u t .  These t apes  

accumulate t h e  information from t h e  ca rds  suppl ied  by 

the u s e r  and c a l c u l a t i o n s  done by t h e  programs. A s  a 

r e s u l t ,  t h e  b ina ry  output  t apes  a r e  designed t o  s e r v e  

a s  i n p u t  tapes  t o  subsequent c a l c u l a t i o n s .  Each program 

which genera tes  a n e w  r e f l e c t i o n  t ape  i s  designed t o  pre-  

s e r v e  and t r a n s c r i b e  a l l  da t a  which it does no t  r e q u i r e  

and update d a t a  which it i s  designed t o  process .  

4. A series of va r ious  c a l c u l a t i o n s  us ing  any of t h e  programs 

of t h e  system may be executed s e q u e n t i a l l y  by s t a c k i n g  

program reques t s  and d a t a .  

5. Tape swi tch ing;  o r  saving,  l i s t  t i t l i n g ,  and o t h e r  u sua l  

system s e r v i c e s  a r e  provided by t h e  programs. 

6 .  With few except ions  t h e  programs a r e  automatic  f o r  a l l  

space groups,  s e t t i n g s  and s p e c i a l  p o s i t i o n s .  

- 5 -  



Some d e t a i l s  of the  s t r u c t u r e  of t h e  " s y s t e m "  

The s o l u t i o n  af c rys t21  s t r u c t u r e s  by means of X-Ray o r  

neutron diffraction requ i re s  t h e  t rea tment  of l a r g e  q u a n t i t i e s  

of d a t a  wi th  lengthy c a l c u l a t i o n s ,  Many of the c a l c u l a t i o n s  

r equ i r ed  i n  t h i s  process  a re  s i m i l a r  from one c r y s t a l l i n e  

subs tance  t o  another .  However, t w o  main approaches have 

evolved i n  w r i t i n g  programs for  c rys t a l log raphy .  One may 

w r i t e  c r y s t a l  and computer l abora to ry  s p e c i f i c  programs thus  

avoiding t h e  d i f f i c u l t i e s  which a r i s e  f r o m  t h e  a t tempt  t o  be 

genera l :  or one may write yeneia l  programs and a t tempt  t o  

make these  programs as independent and adaptab le  as p o s s i b l e  

t o  computer l abora to ry  procedures.  The p l a n  of t h i s  "system" 

is  t o  assemble a set  of genera l  and in te rdependent  programs a s  

c r y s t a l l o g r a p h i c a l l y  or ien ted  a s  p r a c t i c a b l e  which may be exe- 

c u t e d ,  with l i t t l e  o r  no modi f ica t ion ,  a t  any IEM 709,  7090, 

o r  7094 i n s t a l l a t i o n .  The system c o n s i s t s  of a se t  of abso- 

l u t e  programs s t o r e d  on binary t ape .  The method of  s t o r a g e  

m i m i c s  t h e  FORTRAN 11 chain t a p e  s t r u c t u r e .  Each program i s  

s t o r e d  i n  t w o  r eco rds ,  The f i r s t  i s  a l a b e l ,  a d a t a  channel 

command which se rves  t o  load the second record and t h e  loca-  

t i o n  of the e n t r y  p o i n t  t o  t h e  program. The a b s o l u t e  program 

i s  s t o r e d  i n  t h e  second record,  The s e q u e n t i a l  execut ion  of 

any number of programs of the system i s  c o n t r o l l e d  by t h e  

system monitor program CALLER, This program communicates wi th  

- 6 -  



the l abora to ry  monitor and with t h e  l i n k s  of t h e  system through 

l o w  common (high abso lu te )  s t o r a g e .  The i n i t i a l i z a t i o n  of t h e  

system i s  accomplished by the f i r s t  l i n k  on t h e  t ape  (LOADER). 

Execution may t h e r e f o r e  be i n i t i a t e d  by means of a monitor 

" s t a r t "  card (lB5CARD or 1A5CARD) A more usua l  procedure,  

however, i s  t o  w r i t e  a c a l l i n g  program assembled and operated 

under t h e  "house" monitor which i n i t i a t e s  common s t o r a g e  f o r  

t h e  X-Ray system, c a l l s  i t ,  and l eaves  informat ion  necessary 

t o  t h e  proper  r e s t o r a t i o n  of t h e  "house" system. Examples of 

programs f o r  accomplishing t h i s  func t ion  a r e  given below. 

I n  o rde r  t o  make p o s s i b l e  t h e  expansion of the system, 

LOADER n o t  only se rves  t o  i n i t i a t e  execut ion  b u t  a l s o  has  t h e  

a b i l i t y  t o  i n s e r t  o r  supersede l i n k s  and thus  t o  g e n e r a t e  a 

new system tape .  

Any FORTRAN I1 - FAP program may be adapted t o  t h e  system 

by s u i t a b l e  changes. D e t a i l s  of t h e  requirements  a r e  given i n  

t h e  u s e r s  manual b u t  may be summarized h e r e  a s  fol lows:  

1) The f irst  executable  s t e p  of each l i n k  should be 

CALL CALLER (4HNRLA) where NRLA (or NRLB) i s  t h e  

mnemonic of t h e  l i n k  be ing  prepared.  ( O t h e r  

mnemonics r e q u i r e  reassembly of CALLER) 

2) All cards  m u s t  be read through t h e  sub rou t ine  

IFFI ( I f  Fr iend or Foe I n p u t )  by CALL IFFI 

(KZZ, 5HFIRST, GHSECOND, ......., 3HNTH) GO TO 

- 7 -  



(1, 2 ,  3 ,  M ,  EXIT!, KZZ. Then a f t e r  

sc reening  by TFFI ,  may be read by 1 READ 101, 

LLST which se rves  to  re read  t h e  card  under 

t h e  s p e c i f i e d  format - 

3 )  The f i r s t  1 1 2  words of  low common must be 

p ro tec t ed  and used t o  s e r v e  for  l i n k  and 

sys  t e m  communication. 

4 )  Before each l i n e  of ou tput  i s  w r i t t e n  on the 

p r i n t  t ape  (NTdUT) CALL L I N E S ( N )  must be 

c a l l e d .  (Where PJ’ is  t h e  number of l i n e s )  

5) For any f a i l u r e ,  e s p e c i a l l y  t h e  d e t e c t i o n  of 

an unknown c a r d ,  EXIT m u s t  be c a l l e d .  

6 )  A s u c c e s s f u l  execut ion r e t u r n s  t o  t h e  CALL 

CALLER ( 1 s ta tement .  

7 )  The b ina ry  deck of t h e  l i n k ,  a long w i t h  a l l  - 
of i t s  subrou t ines ,  may then  be placed on an 

updated system tape  by means of t h e  LOADER 

l i n k .  

D e t a i l s  of t h e  t rea tment  of Crys t a l log raph ic  D a t a  

The f i r s t  e s s e n t l a i  data t rea tment  program (DATRDN) of 

t h e  system gene ra t e s  a binary t a p e  whose format i s  such t h a t  

i t  se rves  as i n p u t  t o  t h e  o ther  system programs. 

Programs such as  DATFIX, FC,  ORFLS,  or DIFSYN i n  t u r n  

update t h e  b ina ry  r e f l e c t i o n  t ape  a s  necessary.  Thus the 
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o u t p u t  of  many programs serve  a s  i n p u t  t o  many o t h e r  programs. 

A h i s t o r y  of t h e  t rea tment  of t h e  d a t a  i s  au tomat i ca l ly  formed 

a s  t h e  d a t a  i s  copied and updated. One advantage of  t h i s  

method of handl ing  d a t a  i s  t h e  f a c t  t h a t  programs of t h e  system 

o f t e n  r e q u i r e  only c o n t r o l  ca rds  a s  t h e  t rea tment  of t h e  d a t a  

p rogres ses .  

The l i s t  of t h e  i n p u t  ca rds  of a s imple run i s  shown be- 

l o w .  The sequence of events i n  t h e  example show ca rds  f o r  

t i t l i n g  t h e  pages of t h e  output ,  s e t t i n g  t h e  b i n a r y  t a p e  

d e s i g n a t i o n s ,  i n s t r u c t i n g  the  o p e r a t o r ,  and p l a c i n g  remarks 

on t h e  p r i n t  t a p e ,  as w e l l  a s  c a l c u l a t i o n s  p e r t i n a n t  t o  so lv-  

i n g  a c r y s t a l  s t r u c t u r e .  

I n  each l i n k  of t h e  s y s t e m  which carries o u t  the lengthy  

c a l c u l a t i o n s  of c rys ta l lography cons ide rab le  e f f o r t  has  been 

expended t o  f i n d  algori thms which g ive  good speed whi le  

main ta in ing  f l e x i b i l i t y  and convenience f o r  t h e  u s e r .  

Gene ra l i za t ions  on t h e  u s e  of t h e  system 

The course of a des i r ed  c a l c u l a t i o n ,  which may involve  

any number of t h e  l i n k s  i n  t h e  system, i s  c o n t r o l l e d  by t h e  

sequence of ca rds  i n  t h e  input  d a t a .  These c o n t r o l  func t ions  

a r e  exe rc i sed  by a subrout ine  c a l l e d  CALLER through which a l l  

i n p u t  pas ses .  Inpu t  d a t a  cards a r e  i d e n t i f i e d  by t h e  punching 

i n  t h e  f i r s t  s i x  of t h e  card columns u s u a l l y  a mnemonic of t h e  

- 9 -  



ca rd  func t ion .  

A d a t a  deck c o n s i s t s  of  t h e  fol lowing k inds  of ca rds .  

(a )  Opera t iona l  cards (which a r e  accep tab le  a t  any t i m e )  

perform immediate ope ra t ions  such a s  a s s ign ing  t a p e s ,  

p r i n t i n g  remarks and i n s t r u c t i o n s ,  and supplying a 

t i t l e .  

(b) A c a l l i n g  card  serves  t o  c a l l  t h e  s p e c i f i c  program 

l i n k  and i n i t i a t e  the program. 

(c )  Other d a t a  cards  a r e  read under t h e  c o n t r o l  of t h e  

program l i n k  t o  supply,  fo r  example, parameters ,  

i n t e n s i t y  d a t a ,  a n d  c o n t r o l  information.  

(d )  The l a s t  card  of the data  deck must be a n  END card .  

A sequence of interdependent  c a l c u l a t i o n s  may be performed by 

s t a c k i n g  up an appropr i a t e  set  of d a t a  decks ( f o r  example - 

F C  fol lowed by a F o u r i e r  s y n t h e s i s ,  o r ,  s e v e r a l  cyc le s  of 

automatic  re f inement ) .  This se t  of d a t a  decks must be pre-  

ceded by a9ATA card .  Another independent sequence of 

c a l c u l a t i o n s  may be i n i t i a t e d  by -following the f i r s t  sequence 

by  a *DATA card  and one or m o r e  d a t a  decks - e t  continuum. 

Execution te rmina tes  and c o n t r o l  i s  re turned  t o  the c a l l i n g  

monitor when a F I N I S H  ca rd  o r  an end-of - f i le  i s  read on t h e  

monitor i n p u t  tape .  

- 10 - 
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The sequence of events  dur ing  t h e  course  of a c a l c u l a t i o n  

i s  a s  f o l l o w s ;  

A *DATA card  causes  immediate i n i t i a l i z a t i o n  of t a p e  

assignments ,  page numbers, t i t l e s ,  e t c .  A c a l l i n g  card  causes  

the i n d i c a t e d  program t o  be loaded ( i f  i t  i s  n o t  a l r eady  i n  

core) and c o n t r o l  i s  t r a n s f e r r e d  t o  t h e  program. Data cards  

a r e  read by CALLER a t  t h e  request  of t h e  program. The types 

of ca rds  and t h e i r  formats a r e  d i scussed  i n  d e t a i l  i n  t h e  pro- 

gram specif ic  wxite-up- Normally, t h e  program reads and 

processes da ta  cards  u n t i l  the  END card i s  reached; whereupon 

t h e  program f i n i s h e s  t h e  c a l c u l a t i o n ,  w r i t e s  summary d a t a ,  and 

r e t u r n s  c o n t r o l  t o  CALLER. Another c a l l i n g  card  can then  i n i -  

t i a t e  a new c a l c u l a t i o n  with t h i s  o r  any o t h e r  program on t h e  

system t ape .  

I f  for  any reason the re  i s  a c a l c u l a t i o n  f a i l u r e ,  c o n t r o l  

i s  r e tu rned  t o  CALLER which skips  a11 subsequent cards  u n t i l  

another  *DATA card i s  r e a d -  whereupon t h e  c a l c u l a t i o n  i s  

resumed. Because of t h i s  procedure,  t h e  c a l c u l a t i o n s  t h a t  run 

independent ly  should be separated by *DATA ca rds .  A dependent 

sequence of c a l c u l a t i o n s  i s  no t  s epa ra t ed  by *DATA cards  so t h a t  

f a i l u r e  of one l i n k  w i l l  cause d e l e t i o n  of t h e  remaining p a r t s .  

The end of a l l  c a l c u l a t l o n s  i s  Lndicated by a FINISH ca rd .  When 

t h i s  card  o r  an end-of - f i le  i s  encountered on t h e  BCD i n p u t  t a p e ,  

c o n t r o l  i s  re turned  t o  t h e  c a l l i n g  monitor. 
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A c u r r e n t  Dperation rn3nL.a: has  been prepared by punching 

i n s t r L c t i o n s  card formats and examples i n  ca rds .  The "system" 

i s  then d i s t r i h t e d  a s  3 binary f i l e  of programs and a BCD f i l e  

s u i t a b l e  fqr p r i n t i n g  3 rnancal on t h e  IBM 1401. The l i b r a r y  

of symbolic programs and t h e  b ina ry  decks a r e  a l s o  a v a i l a b l e  

upon r e q u e s t  . 
For convenience r n  u s e  t h e  mziniAal which i s  p r i n t e d  on 

t h e  IBM 1401 1s div ided  i n t o  three p a r t s .  The f i r s t  p a r t  i s  

a " u s e r s  guide" g iv ing  4n out1 ;ne  of the method mdp lan  of each 

c a l c u l a t i o n .  The second p a r t  g ives  directions f o r  u s e  of t h e  

programs i n  t e r m s  of card  formats and card o rde r .  The t h i r d  

p a r t  i s  a serles of appendices t o  a i d  i n  adapt ing  t h e  system 

t o  va r ious  monitors and i n s t a l l 2 t i o n s ,  All programs, sub- 

programs~ and subrout ines  i n  t h e  X-Ray c rys t a l log raphy  program 

system depend upon t h e  F3RTRAN T I  - FAP programming system. 

Therefore  i t  i s  h e l p f u l  t o  be aware of t h e  card  format ,  con- 

ven t ions  and l i m i t a t i o n s  of t h i s  system. The d i r e c t i o n s  

a t t empt  t o  be e x p l i c i t  wherever confusion might a r i s e ,  b u t  

l e t  t h e  u s e r  beware of computer l abora to ry  s p e c i f i c  procedures .  

The system i s  designed t o  be run independently of any 

monitor.  The cons idera t ions  which have gone i n t o  t h e  des ign  

have t r i e d  t o  be made general  whenever possible, There i s  one 

a r e a  however which any p o t e n t i a l  u s e r  i n  any shop must con- 

s i d e r  c a r e f u l l y  and t h a t  i s  t h e  u s e  of magnetic t ape .  I t  i s  

- 12 - 
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always w i s e  t o  make a c a r e f u l  s tudy of t ape  handl ing  procedures 

i n  order  t o  save t h e  embarrassment t h a t  may a t t e n d  i n j u d i c i o u s  

t ape  assignments ( e ,g .  rewinding t h e  l abora to ry  BCD output  t a p e  

and us ing  i t  f o r  s c r a t c h ,  or t r y i n g  t o  w r i t e  on the shop 

moni tor ) .  The X-Ray system has i t s  own set  of l o g i c a l  ( i l l o g -  

i c a l ? )  t ape  des igna t ions  which must be followed.,  I f  t h e s e  a r e  

used c a r e f u l l y  no s e r i o u s  inconvenience w i l l  r e s u l t  e i t h e r  t o  

t h e  u s e r  o r  t o  the  shop. 
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APPEND I X 

L I S T  OF CONTRIBUTORS TO THE SYSTEM 

BROWN, DR. BRUCE W e  
DEPARTMENT OF C t i t M 1 5 T R ~  
P O R T L A N D  S T A T E  C O L L t G E  
P O R T L A N D  l r  GREGON 
PHONE= 5 0 3 - 2 ~ 6 - 7 2 7 1  

C H A S T A I N ,  MR. ROGER V. 
DEPARTMENT OF C H E M I S T R Y  
U N I V E R S I T Y  OF WASHINGTON 

PHONE= 2 0 6 - 5 4 3 - 1 6 0 6  
S E A T T L E  5 s WASHINGTON 

DAYHGFF,  DR. MARGARET 
N A T I d N A L  e I C M c 3 I C A L  RESEARCH F O U N D k T I G h  I A C O R P u R A T k U  
8 6 0 0  l 6 T H  S T R t E T  
S I L V E R  S P R I N G  MAHYLAKC 
PHONE 3 0 1 - J U  7 - 7 C 1 4  

D I C K I N S O N ,  MR. CHARLES 
G.5.  N A V A L  ORDNANCE LABORATORY 
W H I T E  OAK 
S I L V E R  SPR I NG 9 HARY L A N D  
PHONE= 3 0 1 - 4 9 5 - 8 4 7 8 ,  h Y A T T S V I L L E ,  5ILVtk b P R l r \ l G  

r ( l G r ( .  D R -  D A R R t L L  F. - -  ilt P AR TM EN T 0 F 

L A  J O L L A .  C A L I F C R N I A  
PHONE= 7 1 4 - 4 5 9 - 2 3 8 8 .  E X 1  5 2 9  

C h t M I 5 T R Y 
U F t I V E R S I T Y  C F  C A L I F O R N I A  AT SAN J I E G C  

HOLDEN,  DR. J A M E S  Re 
U.S. N A V A L  ORCNANCE LABORATCRY 
W H I T E  OAK 
S I L V E R  S P R I N G ,  MARYLAND 
PHONE= 3 0 1 - 4 9 5 - 0 4 1 8 s  H Y A T T S V I L L t .  h I L V t k  > P R l l \ b  

J A R S K I ,  MRS. MARY ANN 
3 8  E A S T  2 4 T H  STREET 
R I V I E R A  BEACH,  F L O R I D A  

J E N S E N I  PROF. L Y L E  H. 
DEPARTMENT OF ANATOMY 
U N I V E R S I T Y  OF WASHINGTON 
S E A T T L E  5 U A S k I N G T O N  
PHONE= 2 0 6 - 5 4 3 - 1 8 6 1  

L I N G A F E L T  

T I  
S( .HOOL)  

MOROSIN,  DR. BRUNO 
P H Y S I C A L  S C I E N C E  RESEARCH ( 5 1 5 2 1  
S A N D I A  CORPGRATION 

PHONE= 5 0 5 - 2 5 6 - 4 4 1 1 - 2 6 1 6 9  
ALBUQUERQUE 9 NEW M E X I C O  

STEWART, PROF. J A M E S  Ma 
DEPARTMENT O F  C H L M I 5 T R Y  
U N I V E R S I T Y  OF MARYLAND 
COLLEGE PARK 9 MARY L A N D  
PHONE= 30 1 - 8 6 4 - 8 2 7 5  

DEPARTMENT OF C H E M I S T R Y  
J O H N S  H O P K I N S  U N I V E R S I T Y  
B A L T I M O R E  9 MARYLAND 

TAKEDA,  DR. H I R O S H I  

WAX, MR. SAMUEL 
COMPUTOR S C I E N C E  C E N T E R  
U N I V L R S I T Y  OF MARYLAND 

', 
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I 
* t 5 F 3 R  

* 
P 

x 

CnU 

X X A  

X X A l  

x x a i  
X X A ?  

X L C  

X L D  

x c  I 

S Y M t i O L I C  L I S T I N G  O F  = d 5 F U R T =  

L A E E L  
F A P  

T T L  V E R S I G N  OF 1 JAlV 6 3  

PRJGkA??, 1 3  C A L L  X-SAY SYSTrl.1 F K O K  6 5  
COUNT 1;O 

T A P t W  0 5  
C L A  =1CEl7 
S T O  NTPROG 

S t T  PROGUAM T A P E  N U M b c K  

A X T  N X t 2  MOVE L O A D E R  TC: U P P t R  M t f * ' b R Y  

STO . X L A + N X r 2  
T I X  * - 2 * 2 r 1  

XLA+NX 12 

TEFP 
R E I P  

L G A D t d  
BSRP 
I O T  
SOP 
T I X  
WPDA 
A X T  
RCHA 
T R A  
L C H A  
L C h A  
L X A  
T X I  

*+1 

5 r l  

C h S E L 1  * 

C H C + ?  * l *  1 . x x c  
. X L Z * * 4  

( t X E C d T t u  FRGM 

. X L C  * 1 * 1 

1 2 r ?  
. X C I L  
. x x o 1  
. x c ; i  . x c  I L + 1  
.XC! L * 2 
.XXA2 r 2  r l  . xc I L 9 2 
e X X A 1 - 1  r l r  1 
e X X A 3  

. X L Z + l  

.XLD 

.XLA 

.XXA 

. X L Z + Z  

GO TO L O A D € ?  

REDdNDAhCY - T R Y  A G A I N  

R t A O  I N  LABEL 

UPPER " l t ~ " \ O K Y )  tt\(!t4 A T  .XLC 
R L i J N O A N C Y  - TRY n G A l i i (  

C O M N t U T  B A D  TAPE 

R t A D  I N  L I N K  

D t L A Y  

OK. GO TLJ T H t  LIkh I S L L  I k U T t  3tLl)W) 

9L X-RAY PKO(IHAI4 T A P t  U l V K t G U A L L c  
BL 
7L 
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X C I L  

X L Z  

X L I 3 )  
N X  

.x 
X L A  
XXA 
X X A 1  
X X A 2  
X X A 3  

.XLC . XLI) . x c  I 

. X C I L  . X L Z  
. X L ( 3 1  

h T  P R a G  

OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
O C T  
OCT 

E L  

0 C 0 4 0 0 U 0 0 0 0 0  
000000450100 
000020102000 
0 0 0 C 0 4 ~ 0 0 2 0 0  
O G O L 0 0 0 0 0 4 0 0  
0 2 0 0 4 2 U 0 5 0 0 0  
210004100000 
143521060200 
020242417500 

6L 
5L 
4L 
3L 
2L 
1L 
C L  

11L  
12L 

..-. , 

I O C T  . X C I * * l  
I O C T  . X L ( O ) * * l  

* *+*  L A b t L  
I O C P  * * I , * *  I O  COMMAND F O H  F I X S T  5tGMEhT 
I O R T  * * * v u *  I O  COYMAND FOR SECOND S E L M t k T  OF L I N K  
TRA **  S T A R T I N G  I N S T R U C T I O N  
REM I F  T H E  T A P t  WAS P R E P A R E 0  bY M G N I T O H  C H A I N *  T H E R E  u!ILL d i  
REI.' A S I N G L E  I O H T  A T  . X L Z + 1  AND THE T R A  A T  .XLZ+Z. TU R t T i I t h  
REM C O M P A T I G I L I T Y *  WE T R A N S F t R  13 . X L Z + 2 *  W d I C H  I S  , I T n t R  P TI?- 
2 E M  OR AN I c i R T s  W H I C H  I S  T H E  5 A M t  T n I N C l  A S  A ( T k L L t S S I  T X H  b\HICn 
R E M  I S  T H E  SAME A S  A NOP FUH P R E S t N T  P U q P C S t S .  
P 7 t  . -- 
EGU * -XLA 
REM 
COMMUN 0 
EQU .r+2 
EQU . X L A + 4  
EQU .xxc+s 
EQU .XXA1+3 
EO3 .XXAZ+2 
ECU . X X A 3 + 1  
E Q U  .XLC+2 
EQU . X L 3 + 4  
E Q U  . X C I + 1 2  
EQU 0 xc I L+Z 
EQU . X L Z + 4  
COMMON L4  
COMMON 1 
END 
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SYMBOLIC LISTING OF = B ~ I ~ S Y =  

I 
I 
1 

* 
t 

L A B t L  
F A P  

t D 5 I t S Y  PROGRAM TO U S E  X-RAY S Y b T t Y  U N D t R  T H t  I a S Y b  r.tOILITLIR.... 
COUNT 
SST 
L T M  
L F T M  
S T Z  
ENB 
LSNM 
TCOA 
TCOd 
TRCA 
T R C 6  
T E F A  

NOP 
a T T  
NOP 
B T T  
NOP 
E T T  
NOP 
E T T  
NOP 
S L F  
T ov 
AX T 
REWB 
R T B 6  
TCOB 
T E F B  
TRA 
WTBE 
RCHB 
L C H B  
TCOY 
TRCB 
TRA 
T I X  
WPDA 
AXT 
RCHA 
TRA 
LCHP 
LCHA 
L X A  
TX I 
SXA 
T I X  
TCOA 
TTR*  

;EFB 
u C T  

150 
L t T S  H A V t  A LUOK AT I D ~ Y S  bY4'i"CL ToL 

K I L L  
K I L L  

* * 
*+1 *+ 1 
*+1 
*+1 

l G C C  SHUT 3FF T H O S k  P O S I T I O N  I N U l C A T J R s  

2 C O C  

1 5 C C  

2OCO 

*+1 
5 9 1  
5 

" + 2  
*-3 
5 
Dl lMPY * DUMPY +1 

2 

CHDOR 
MADE I T 
U a ! ? P + l * l * l  

l 2 I l  
S T U F F  
P R I N T  
S T U F F  
S T U F F + l  
S T U F F 9 2  
*+1 r 2  r 1 
S T U F F  rZ 
: R I N T - l * l r l  

SYSRET 

TO ti L N I T H  S t k s t  L I G n T 5  
WHU C A R t S  I F  T H t l i t  MA5 ~h u V c r i b L u ~  
GET S t T  TO M A C t  5 T R I t 5  
RECIF iD THE X-RAY S Y S T t C I  TAPE 
SKIP DOWN THE X-RAY T A P E  

T I L L  AN E N D  OF F I L E  15 FGUh!: 
K€EP T S Y I N G  
PUT ItrSYSES GOQ3ItS O h  T n t  T A I L  t N o  OF d 
F I V E  

WAIT 
AND h O P t  T H E R k  A i i t  NC RLULJ I \ IVn ,~CI tS . . *  

THEN GIVt JP nITti A ~ A u  T A P t  ,,'4YE';T 

WHLW. 
T 9 Y  FIVL T I M E S  t!EFORL y L ; I T T I N y _  

A S  LONG AS W t  CANT GET O h  L t T S  GET OFF.. 
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U 
I 
I 
I 
B 
I 
I 
I 
-1 
I 
I 
li 
1 
I 
1 
I 
I 
1 
I 

DUMPY I O C T  0 9 9 5  

S T U F F  I O C T  X C I I I ~  
I O C D  6,91996 

I O C T  X L ( O ) s r l  

AXC “END94  I N I T I A L I Z t  C O R t  TO Z t R d  
TX I * + 1 * 4 r 3 L 7 6 7  
S T Z  3 2 7 6 7  9 4  
T I X  * -1 *4*1  

WHtRE F I N A L ,  T t k M I N A L t  O U N t  F L ? r  1 b l V c  U P ,  T Y P t  TRA:J>kzH5  ~10 TU 

* T H E  F O L L O W I N G  S T E P S  C L E A 9  THE M E W R Y  TO ZERO I N  A F A I R  I M I T A T I O N  OF 
* T H E  STANDARD FORTRAIv MONITOI?  AND ASSURE THAT SYSCOM k I L L  U E  HAPPY.... 

* THE F O L L U M I N G  S T E P S  J A M  A WAY ut k t S T c i R I l u G  I o S Y S  I N T O  (JUIT w d I C m  1 b  

IVtADEIT C L A  S Y S  I DH G t T  L O C  OF I b h Y S  C L 3 C K  U L T  
S T A  H I S S Y S  S T U R t  I T  I N  t X I T  R O U T I N t  
C L A  SYSRET GET THE A D D R t S 5  U N  S Y S T L k  R t T U H N  

AL5 S T D  H I B S Y S + l  F I X  U P  CLOCK OUT C A L L I N G  5 tGUt :dCE 
REWE 5 REWIND X-RAY S Y S T E M  T A F E  
A X 1  M X L 9 4  
C L A  M O N E X + M X L * 4  P I C <  U P  E X I T  COMCANDS 
STO O U I T + M X L * 4  ARC S T U F F  T H t M  I N  Q U I T  
T I X  *-2 9 4 9  1 R E G I O N  I N  COYMON S T O R 4 b k  
TRA L I N F I X  

55Ko 5 8ACK OFF 
T E F 6  O U I T + 3  ANC LOOK FOR E N D  O F  F I L L  
R T E P  5 READ U N T I L  €OF D E T E C T E O  
TCOP Q U I T + 4  W A I T  FOR Q U I E T  CHANNEL 

T R A  O U 1 T + 3  NO TRY A G A I N  
TRCB O U I T + 7  DONT WOhHY A d u U T  k t D U h O A h C I t 5  HrHE. 
R T b B  5 L E T S  TRY T O  G L T  I b S Y S  b A C K  bh T r ( t  A I R  
RCHU Q c l I T + Z l  B R I N 6  B A C K  I b N U C  t T .  AL.  ..e... 
L C H B  O U I T + 2 2  
TCOU Q U I T + l l  L t T  I T  b t T  I N  - - - -ST tAOY N ~ w - - - - -  
T R C B  L U I T + 1 8  R k O U N J A h L Y  r l t k t  L J U L O  h t A L L Y  ~ H u J T  L J ~  UP 
R U N d  5 R t W I N D  A N 0  J N L O k d  X - ~ M Y  5YLTtt* l  
WEFB 2 E N D  D F F  THE I d b Y S  PUNCH T A P t  LL T H A T  
WEFE 2 THE N E X T  MAN5 J O b  d I L L  R U i L * * * * * x *  

F I V E  C A L L I N G  S E Q U E N C t  OF C L O C K I N G  O P k H A T I O h  
B S R B  :*** 

I O C T  ~ 9 9 5  I S  RESTORED TO C O ’ 4 P L E T t L Y  G A F F E L  THE 

REM ML,Cn wUKSE.. . . C A N  T H L Y .  . . . . . 

18 D E C R E M E N T I Z E  I T  

r w v E x  A X T  5 9 1  G I V E  F I V t  T R I t 5  AT R E S T w K I k l .  I d S Y S  

T E F B  Q u I T + 7  I S  ECF HtACHED... 

HIBSYS TSX * * * 4  C A L L  CLOCKOUT 

NUTS**** * *  6 = * ( J / /  
TRY I T  FOUR MORE ~ I I . ’ E S  FOR K I C K S  T I X  Q U I T + 8 r l , l  

T R A  G U I T + l 3  H A V I N G  F A I L E D  THAT e.. PRAY T h k T  ENOUGH 

I O C D  6,91996 0PtRATOH.e.. I D O N T  CRY T h l l \ b 5  C k h T  G t T  

VIXL EQU *-MUNEX 

* I N I T I A L I Z E  OUR S Y S T c M  T A P E S  TG A G R t t  W I T H  THk U S U A L  U. MO. a t T  L P  

* AS S E T  B Y  S Y S T E M  I N I T I A L I Z I N G  SUUR9LIT INE SYSCUM 

L I N F I X  C L A  =1C!a17 D E F I N E  PQOG?AY T A P E  TO bk b 5  

K I L L  P Z E  0,090 

* FINAL VERSION OF a 5 1 a s y s  WILL H A V E  T O  BE YUCH SMARTER.... 

* THE F O L L O W I l l G  S T E P S  D E F I N E  T A P C S  D I F F E R E N T L Y  THAN ‘J.W. CTHILDARD 

STO NTPROG 
C L A  = e 0 1 7  S E T  P R I N T  T A P E  TO 131 
S T O  h T P 9 0 G - 2  STD I N P U T  I S  S T I L L  ON A 2  
S TO NTPROG-6 I -OURIER OUTPUT I S  ALSU Olu h i  
C L A  =2917 S t T  u F F L I N E  P U N C H  T A P t  T U  D t  2 2  
S T G  NTPROG-5 
C L  A =6817 S E T  S E T  N T A P E E  
S T O  NTPROG-7 * 
A X 1  N X 9 2  
C L A  XLA+NX 9 2 
S T O  .XLA+NX 92 
T I X  *-2,2r1 * 

MOVE L O A D E R  TO U P P E R  MEMORY 

T E F B  *+1 
REWB 5 
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CYC A X T  
R T b B  
Z C H B  
TCOB 
T R C B  
T E F B  
A X T  
T R A  

C H U  5 S R b  
T I X  
T R A  

C c 5 E L 1  I O R T  * 

5 9 1  
5 
2 H S E L l  

CHD 
CHD 
511 
.XLC 
5 
C H C + l r  1 r  1 
.XXA 
. X L Z r  r 4  

READ ANI) CHECK L I N K  L A B E L  

GO TO L O A D E R  

R t d b R t d A N C Y  T R Y  A G A I N  

READ I N  L A B E L  

*' L I N K  L O A D E R  I E X E C U T E C  F R O M  U P P E R  R E N O H Y )  E N T E R  A T  .XLC 
X L A  y??t! 5 REDUNDANCY TRY A G A I N  

X X A  

X X 4 1  

X X A i  

X X A 3  

X L C  

X L D  

x; I 

F d d G t  

X C I L  

X L Z  

A% 
T I X  
WPDA 
A X T  
4 CHA 
T R A  
L C H A  
L C H P  
L X A  
T X  I 
S X A  
T I X  
T COA 
NPD? 

A X T  
L C H A  
T I X  
T R 4  
R E M  
REM 
R T 6 B  
R C H d  
T CCP 
T R C e  
T E F b  
T R A  
REM 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
3 C T  
OCT 
OCT 
CCT 
I O C T  
REM 
REM 
I O C T  
I O C T  

I O C P  

R C h -  

. X L C r l r l  

l2rl 
. X C I L  
. X X A l  
. X C I L  
. X C I L + l  
.xc I L,Z 

X X A 2  r 2  r 1 . xc I L  r 2 
. X X A l - l r l r l  
.XXAZ+L 

.FUDGE 
1CO r l  
. F U i G E  
. X X A 3 - Z r l r l  
Q U I T  

5 
. X L Z + 1  . XL:, 
.XLA 
.XXA 
.XLZ+Z 

u 4 1 1 0 0 C L 0 3 0 0  
u 1 3 c 0 0 ~ i J 0 5 0 0  
L C Z 2  0 1  oooc 00 

~ c 4 c o c c 0 c o 0  
-(JC( C 0 4 5 0 1 0 0  
L L 0 c 2 0 1 0 2 c 0 0  
U L 2 C O 4 3 0 0 2 0 0  
L L C U ~ O L L J O ~ O U  
l ~ 2 0 i 4 2 i G 5 0 0 0  
21C30413000G 
143521360200  
020242417500  
N T I N r  r l  

. X C I t . l  

.XL ( 0  1 r r l  
r *** ** * *+ 

9L 
B L  
7L 
6L 
5 L  
4L 
3L 
Z L  
1L 
O L  

1 1 L  
12L 

CbMCltNT t l A D  T A P E  

A S  LONG A S  HIE CANT GET O N  T H t  A I R  L € T >  

READ I N  L I N K  

D E L 4 Y  

TRY T O  P U T  MAMP 6. U A C K  ON A N 3  L t T  
SOMEONE E L S E  P A Y  T H E  TAb..... $ $ $ $ a  

OKs b 0  TU T H t  L I l vk  ( 5 t t  h U T t  ~ t L i r . 1  

X-RAY P K U G R A X  T A P t  L 1 1 4 K ~ k ~ A c L c  

FUtJGt A k E w  ~ A T R A  L I N t S  aU L i P t K n T U H  W I L L  
A L E  COMMENTs 

L A B E L  
IO COMMAND FOR F I R S T  SEGMENT 
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.x 
. X L i  
.XXA 
e X X A 1  . X X A 2  . X X A 3  
.XLC . X L 3  
. X C I  

. F J D b E  

. X C i L  
. X L Z  

. X L i d j  
U T I N  
'4TPROG 
Q U I T  
L i W ' X  

I O R T  * * I , + *  IO COMMAND FOR SECOkG SEGXENT GF L I N K  
T R A  ** S T A R T I N G  I N S T R U C T I O N  
REM I F  T h E  T A P E  WAS P R E P A R E D  by ~ X O N I T O R  C H A I N ,  T H E R E  WILL B E  
R E M  4 S I N G L E  I O P T  A T  . X L Z + 1  A h 0  TbE T R G  A T  .XLL+2. Tc/  R E T A I N  
Kt t -1  C d K P A T I b I L I T Y *  i v t  T R C N L F E g  T U  . X L L + i r  w r l I C H  Ib t l T n t R  A T K A  
k E i 4  3 h  A!\ I O R T ,  k r i I C H  IS T i i t  SAMC T H I N 6  A b  A i T A G L t s S 1  T X H  wt i ILh 
KEE Ib T V L  S A M t  A S  k N O P  F C k  P R E 5 t N T  P U H P d S E S .  
P Z t  
E3U * * -XLA 
E2U 
D C M  
I \ L I  I 

EdU 
E3U 
EOU 
EOU 
EOU 
E G L  
E G J  
EGU 
E3U 
LOU 
EaLJ 
ECU 
E2U 
EOL! 
ECb 
E C U  
EQU 
E N 3  

3 2 5 6 1  . x+2 
. X L A + 4  
.XXA+S 
. X X A 1 + 3  
* X X A 2 + 0  
. X X A 3 + 1  
.XLC+2 
.XLD+4 
. X C I + 1 2  
. F U D G E + l  . xc  I L+2 
. X L i + 4  
32549  
3 2 5 3 7  
3 2 4 1 5  
3 2 4 5 1  

T O  D E F I N E  L A S T  L C C A T I G N  O F  PRuGRAM 
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S Y M B O L I C  L I S T I N G  G F  = l B S C A R D =  

L A B E L  * R n W  
Q FKP 
t 1 5 5 C A R C  - O h - L I h E  S T A R T  CARD FOR X-RAY SYSTEF' ON 8 5 1 1  

COUUT 3C 
T T L  V E R S I O N  O F  2 J A N  6 3  * T h I S  C A R 3  d I L L  I N I T I A T E  T H E  XRAY 5 Y S T t l Y  ON b5. P U T  C A e D  I N  3 N - L I h E  

Q C A l i D  f i E 4 D E d r  P U T  PROGRAM T A P E  O N  b 5 r  C L E A R .  L O A D  CAHDS. 

+ S T U F F + l r  h L S P c C T 1 V E L Y .  
p k ; , V I S I L N  I S  h A D t  F J K  R t D E k I N I N 6  NTINI.4 AND N T C U T M  AT S T U F F + L  AND 

F L L  
ORG 

P T 4 P t N C  
x- 

i 
s5 

I O C T  
\ C H A  
I C C A  

t 
S T  AXT 

T R A  
T R A  

R 3  REWP 
R T E P  
R C H P  
T C O P  

R C H P  
TCOP 
T R C P  
T R A  

p4 G T I X  
H T R  

12 I O R T  

R T 6 P  

% 

135 I 3 C P  
I OCD 

S T d F F  H T R  
P Z E  
P Z E  
P Z E  

t 
NTPRLIG B O O L  
d U l T  t j O U L  

+ E N D I N  
END 

3 r r S T U F F - 3  
L D S  * 
5 r4 
RG 
R U  

IO 
t 

~ d I T r * l  
NTPRGG-2113 

W I T  

r .1c 

77431 
77333 

* *  
r r  

PROGRAM E X I T  
NTOUTM 
N T I N M  
NTPROG 
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Explanation of t h e  Example 

The fol lowing concluding pages of t h i s  r e p o r t  c o n s i s t  of 

reproduct ions  of l i s t s  of i npu t  cards  and of p r i n t e d  output .  

(These l ists  have been shortened by omi t t i ng  l a r g e  q u a n t i t i e s  

of r e f l e c t i o n  d a t a . )  This example of t h e  use  of X-Ray 63 (under 

IBSYS) is  intended t o  show some of t h e  f e a t u r e s  of t h e  system: 

it is  n o t  exhaus t ive .  Even though t h i s  example of t h e  s o l u t i o n  

of  a s t r u c t u r e  and i t s  p a r t i a l  refinement i s  shown i n  t h e s e  

l i s t i n g s  a s  a s i n g l e  53 m i n u t e  IBM 7090 run ,  t h e r e  w e r e  3 "hand" 

ope ra t ions  c a r r i e d  out* upon t h e  output  i n  t h e  a c t u a l  s t r u c t u r e  

de te rmina t ion .  The sequence of events  was a s  fol lows:  

1. Data Reduction 

2 .  Ca lcu la t ion  of the  E ' s  ( s ca l ed  u n i t a r y  s t r u c t u r e  

f a c t o r s ) .  

3 .  S o r t i n g  of t h e  E ' s  i n t o  groups of h k l  i n  decending 

order  of E. 

4. The hand "'t;'' c a l c u l a t i o n  of probable  phases 

(two sets were found - only t h e  correct 

s o l u t i o n  is shown) .  

5. Appl ica t ion  of  t he  determined phases t o  t h e  

appropr i a t e  r e f l e c t i o n s .  

*Programming and check-out i s  c u r r e n t l y  being c a r r i e d  o u t  t o  

f u r t h e r  automate t h e s e  opera t ions .  
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6 .  

7. 

8. 

9. 

Calcu la t ion  of an "E" map. 

Search of t h e  "E map" for peaks.  

Hand examination by p l o t t i n g  of t h e  conf igu ra t ion  

of peaks.  

Ca lcu la t ion  of s t r u c t u r e  f a c t o r s  based on the 

s t r o n g e s t ,  best appearing arrangement of peaks,  

10 .  Four i e r  refinement of t h e  coord ina te s  of t h e s e  

peaks. 

11. C a l c u l a t i o n  of a d i f f e r e n c e  map i n  the reg ion  of 

the missing oxygen a t o m s .  

1 2 .  Fu r the r  Four i e r  refinement of a l l  t h e  "heavy" 

atoms of t h e  asymmetric u n i t .  

13.  F u l l  ma t r ix  l e a s t  squares  ref inement  of t h e  

" i s o t r o p i c "  s t r u c t u r e .  

I 
I 
I 
I 
1 
1 - 23 - 



S E X E C U T E  FORTRAN 
S T E W A R T * 0 0 1 / 6 3 / 0 0 6  S D I C K I N S O N 9  C. * $ID 

E S T I M A T E D  R U N N I N G  T I M E  6 0  MIN. * R E E L  0267 ON 85 R I N G  IN.. 
SCRATCH T A P E S  ON A 5 r A 6 r B 6  
P A U S E  * XEQ * 

D A T A  
O P R A T R  $ $ $ ~ S S S ~ S S S S S S S $ S S ~ S ~ ~ S S S S S S ~ ~ ~ ~ S S $ ~ S S ~ S S ~ S ~ ~ ~ S S ~ S S S ~ S S S ~ S ~ ~ S S S S ~  
OPRATR 
OPRATR 
OPRATR 
OPRATR 
OPRATR 
OPRATR 
OPRATR 
OPRATR 
OPRATR 

OPRATR 
O P R A T R  
OPRATR 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
T lTLE 
DATRON 
L A B E L  

OPRATR 

CELL 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORHFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
F O R H F X  
F O R H F X  
FORMFX 

FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 
FORMFX 

FORMFX , 

T H I S  IS A RUN OF X-RAY 6 3  UNDER I B S Y S .  D U R I N G  E X E C U T I O N  
I B S Y S  IS SAVED B U T  NOT IN CONTROL. 
I F  I T  IS NECESSARY TO RESTORE I B S Y S  B E F O R E  THE NORMAL END OF 

THE RUN TRA E I T M E R  TO O C T A L  400 OR 7 7 3 3 3 .  

SENSE sw i i cn  1 MUST BE OFF OR ELSE ALL PRINT WILL BE ON LINE. 
YOU MAY THEREFORE S A M P L E  THE B C D  OUTPUT AT ANY T I M E .  

sssSsss5%ssssSOOs~~ssssssss~$sss~ssssssssssssssssssssssssssssssss 

T H E  F O L L O W I N G  RUN ON X-RAY 63 15 I N T E N D E D  T O  I L L U S T R A T E  SOME 
OF T H E  F E A T U R E S  OF T H E  SYSTEM. THE E X A M P L E  CHOSEN IS T H A T  OF 
T H E  STRUCTURE D E T k R M I N A T I O N  A N D  P A R T I A L  R E F I N E M E N T  OF 

D E T E R M I N A T I O N  WAS C A R R I E D  OUT I T  WAS NECESSARY T O  BREAK I T  I N T O  
2 1 3 , 4 9 6  - T E T R A N I T R O A N I L I N E  I T E N A ) .  A T  THE T I M E  T k E  A C T U A L  

S E V E R A L  S E P A R A T E  EXECUTIONS.  

~$~Ss~~~~~ss$sssSssssssssss~sssssssssssssssssssssssssssssssssssss  
,39416 - T E T R A N I T R O A N I L I N E  P R E P A R E  D A T A  ( D A T A  R E D U C T I O N )  A, 

: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
0 
0 
G 

iELr P A R A M E T E R S  3 / 2 5 / 6 4  I N T E N S I T I E S  1 2 / 1 8 / 6 3  
TENA 7.271 11.056 1 2 . 2 7 1  -0.15261 552. 

0.00 6.00 I.U.CR.9 I N T k R N A T I O N A L  T A B L E S  FOR X-RAY 
C.10 5.14 CRYSTALLOGRAPHYI  B I R M I N G H A M  - THE KYNOCH 
0 .20  3 . 6 1  PRESS. VOL 3 9  P H Y S I C A L  AND C H E M I C A L  
0.30 2.54 T A B L E S  (1960) .  
0.40 1.98 

1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
0.00 
0.10 
0.20 

_ . _ _  
1.71 
1.55 
1.42 
1.31 
1.20 
1.10 
1.00 
0.90 
0.80 
0.73 
0.65 
0.57 
0.50 
7.00 
6.20 
4.60 
3.24 
2.40 
1.94 
1.70 
1.55 
1.44 
1.35 
1.26 
1.17 
1.08 
1.01 
0 .93  
0185 
0.77 
0.70 
8.00 
7.25 
5.63 

1.U.CR.r I N T E R N A T I O N A L  T A B L E S  FOR X-RAY 
CRYSTALLOGRAPHY,  B I R M I N G H A M  - T H E  KYNOCH 
PRESS. V O L  3 s  P H Y S I C A L  AND C H E M I C A L  
T A B L E S  ( 1960) 

1.U.CR.r I N T E R N A T I O N A L  T A B L E S  FOR X-RAY 
CRYSTALLOGRAPHY9 B I R M I N G H A M  - T H E  KYNOCH 
PRESS. V O L  3 9  P H Y S I C A L  AND C H E M I C A L  

1 
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FORMFX 0 0.30 4.09 T A B L E S  (1960). 
FORMFX 0 0.40 3.01 
FORMFX 0 0.50 2.34 
FORMFX 0 0.60 1.94 
FORMFX 0 0.70 1.71 
FORMFX 0 0.80 1.57 
FORMFX 0 0.90 1.46 
FORMFX 0 1.00 1.37 
FORMFX 0 1.10 1.30 
FORMFX 0 1.20 1.22 
FORMFX 0 1.30 1.15 
FORMFX 0 1.40 1.08 
FORMFX 0 1.50 1.01 
FORMFX 0 1.60 0.95 
FORMFX 0 1.70 0.89 
FORMFX H 0.00 1.00 I.U.CR.* I N T E R N A T I O N A L  T A B L E S  FOR X-RAY 
FORMFX H 0.10 0 .82  CRYSTALLOGRAPHYI  B I R M I N G H A M  - THE KYNOCH 
FORMFX H 0.20 0.47 PRESS. VOL 39 P r l Y S I C A L  A N D  C H E M I C A L  
FORMFX H 0.30 0.25 T A B L E S  (1S601. 
FORMFX H 0.40 0.13 

0.08 8:;: 0.04 
FORMFX H 
FORMFX H 
FORMFX H 0.70 0.02 
FORMFX H 0 . 8 0  0.01 
FORMFX H 3.90 0.00 
FORMFX H 1.00 0.00 
FORMFX H 1.10 0.00 
FORMFX H 1.20 0.00 
FORMFX H 1.30 0.00 
L A T I C E  C P 
SYMTRY X I  Y *  z 
SYMTRY -XI 1 / 2 + Y  * 112-2 
C O N D I T  TENA 1.5418 -98870 0.07 1 3 1 1 1 2  
S C A L E  1.00000 1 7.0 2 10. 1.0 0.0 0.0 10. 

1 0 0 2 2113.28 041 
1 0 0 4 338.95 041 
1 C O 6  .oo 041 
1 0 0 8  57.96 041 
1 0  0 1 0  29.00 041 
1 0  0 1 2  53.54 041 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RE MARK 
REMARK MOST R E F L E C T I O N  CARDS O M I T T E D  FROM L I S T  
REMARK 

RE MARK 
REMARK*~*~*****+*+++*******~~******+*+**+~**+******************************* 

7.03 041 
041 
041 

2 7 9 - 2  
54.00 1 7  9 - 3  

1 7  9 - 4  54.00 

1 1 0 1  
1 1 0 - 1  
1 1 0 3  
1 1 0 - 3  

ENDOBS 

REMARK 

REMARK 
REMARK MOST R E F L E C T I O N  CARDS O M I T T E D  FROM L I S T  

REMARK 
E N D  
T I T L E  C A L C U L A T E  S C A L E D  U N I T A R Y  STRUCTURE F A C T O R S  ( K A R L E  - H A U P T M A N  E'S) 
D A T F I X  TENA 
E P S I L O N  1 1 1 1 2 1 
C E L C O N  2ON 
C E L C O N  320 
C E L C O N  12H 
E N D  
T I T L E  SORT E ' S  I N T O  ORDER FOR =HAND= P H A S E  D E T E R M I N A T I O N  
ESORT T E N A  1 
END 
T I T L E  A P P L Y  S E T  O F  C A L C U L A T E D  P H A S E S  T O  A P P R O P R I A T E  R E F L E C T I O N S  
T A P E S  12 11 6 
M O D I F Y  TENA 2 10 1 
MODREF 1 0 -12 +1 
MODREF 2 6 -1 
MODREF 5 -4 +1 
MODREF 6 -1 
MODREF 1 12 + l  

REM~RKrr+**r*+r+++4+************+*+*~****~******************+******~~*~***4  

~ ~ ~ ~ ~ ~ * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4  

CELCON 24c 

000 I 
0002 
000 3 
0004 
0005 
0006 

****+ 

***** 
1691 
1692 
1693 

.*a*** 

L * * * * *  



I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
B 
I 
I 
B 
I 
I 
I 
I 

-._- 
T I T L E  21394r6 - T E T R A N I T R O A N I L I N E  
FOURR TENA 13 1000. 
G R I D  TENA 24 37 40 
MAP TENA 3 15 -99 
L!IOUT TENA 13 0 1 37 0 1 21 0 1 123 21 1 
C R U  
T I T L E  GENERATE NEW SYSTEM TAPE WITH P E A K  S E A R C H I N G  R O U T I N E  I N C L U D E D  
LOADER P I K T E S  9 
L I N K  30600 
REMARK 

REMARK 
REMARK B I N A R Y  DECK O M I T T E D  FROM L I S T  

REMARK 
E N D  
T I T L E  SEARCH MAP FOR H I G H E S T  P E A K S  (19 ATOMS I N  A S S Y M E T R I C  U N I T )  
P E K P I K  TENA 1 
END 
T I T L E  C A L C U L A T E  STRUCTURE FACTORS FROM S E T  OF P E A K S  I N  E  MAP 
T A P E S  11 12 

REMARK**+++*+*** * * * * * * * * * f f * * * * * *4*4***+4*** * * *~*** * * * * * * * * * * * * *4** * *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-~ ~- 
F C  TENA 2 
REMARK S C A L E  AND T E M P E R A T U R E  FACTOR FROM D A T F I X  
REMARK THE P E A K  P I C K I N G  L I N K  LOCATED A L L  BUT 041 AND 042 
S C A L E  -87 

T E N A  
c 1  
c 2  
c 3  
c 4  
c5 
C 6  
N1 
N 2  
N 3  
N4 
N 6  
021 
022 
031 
032 
06 1 
062 

40321 
G.2517 
0.4286 
0.4464 
0.4500 
0.3980 
0.2512 
0.1169 
0.4321 
0.2746 
0.3091 
0 0943 
0.3332 
0.4651 
0 1943 
0.2650 
0.0846 
0.0393 

0.8320 
0.9009 
0.3837 
0.2864 
0.7065 
007376 
0.8469 
0. 
0.4597 
002458 
0.6628 
0.0175 
0.1169 
0.4731 
0.5162 
0.5708 
0.1703 

TITLE REFINE ROUGH COORDINATES OF THE MOLECULE f i ~  BLOCK FOURIERS 
T A P E S  12 11 
F O U R E F  TENA 321 2 1 
REMARK S C A L E  FACTORS FROM F C  
C Y C L E S  5 - 5  .02 - 2  e 0 2  .01 .008 
E N D  
T I T L E  SEARCH I N  R E G I O N  O F  M I S S I N G  OXYGENS 
FOURR TENA 8 1  - 2  
G R I D  TENA 48 74 80 
L A Y O U T  TENA 24 2 2 18 12 1 15 26 1 123 
END 
T I T L E  R E F I N E  A L L  H E A V Y  ATOMS 
T A P E S  11 12 
FOUREF TENA 321 2 1 
REMARK ADD OXYGEN ATOMS FROM D I F F E R E N C E  F O U R I E R  
G R I D  TENA 48 74 80 
ATOMG 041 1500 24.0 3300 
ATOMG 042 7.0 16.0 39.0 
C Y C L E S  5 e 5  - 0 2  -2 002 .01 .008 
E N D  
T I T L E  R E F I N E  W I T H  I S O T R O P I C  CYCLES OF F U L L - M A T R I X  L E A S T  SQUARES 
T A P E S  12 11 
O R F L S  TENA 2 1 1 
END 
S A V E  11 12 
F I N I S H  
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